Findings of genome-wide association studies on major polyploid crops, such as BW, may also help in molecular breeding studies in relative cultivated species with a similar genetic background, including DW. Therefore, the validation of identified quantitative trait loci or marker-trait associations is an important preliminary step in marker-assisted selection (MAS) oriented projects. In this study, thirty-two SNP (single nucleotide polymorphism) markers of six agronomic traits identified in BW, harvested in Kazakhstan, were converted to KASP (Kompetitive Allele-Specific PCR) assays. Generated 32 KASP assays were used in the analysis of 29 DW accessions from Kazakhstan. Firstly, the group of DW accessions was tested using replicated and randomised one-metre blocks in field conditions of southeast Kazakhstan and evaluated for main agronomic traits. The analysis showed that 14 KASP assays were polymorphic in the scoring of 29 DW accessions. The t-test suggested that the segregation in eight KASP assays was significantly associated with five agronomic traits. The study confirms robustness of KASP assays in MAS of DW breeding projects for the improvement of yield potential.
DNA technologies that derived from genomic studies have offered a great promise for breeding projects based on marker-assisted selection (MAS) approach. There are five main considerations regarding the use of DNA markers in MAS: their reliability and reproducibility, the required quantity and quality of DNA, the technical procedure of marker assay; the polymorphism level, and costs (Collard and Mackill, 2008) . Considering these requirements, KASP (KBioscience Kompetitive Allele-Specific PCR) was recently proposed as a very promising tool for the acceleration of crop breeding (Semagn et al., 2014) , and widely used to validate the importance of SNPs (Neelam et al., 2013) .
In the last decades, the identification of quantitative trait loci (QTL) using DNA markers (genotyping data), phenotyping data, and appropriate software were major breakthroughs in the characterisation of quantitative traits (Pozniak et al., 2007; Maccaferri et al., 2008; Sukumaran et al., 2018) . As costs for high throughput genotyping are de-creasing, genome-wide association studies (GWAS) are becoming a powerful approach for the detection of QTLs associated with wheat agronomic traits. However, confirmation, validation of QTL, and fine (high resolution) mapping may be required. QTL validation is generally referred to as verifying that QTL is effective in different genetic backgrounds. Once tightly linked markers that reliably predict the phenotype of the trait have been identified, they can be used for MAS (Collard and Mackill, 2008) .
Undoubtedly, the wealth of research data obtained in GWAS of hexaploid bread wheat (BW) can be efficiently used in many genetically closely related cultivated species, including in durum wheat (DW) (Periyannan et al., 2014; Qureshi et al., 2018) . Therefore, the focus in this study was the validation of a group of SNP markers from the GWAS of BW (Turuspekov et al., 2017) in the analysis of DW accessions harvested in Kazakhstan. For this purpose, the group of identified SNP markers associated with agronomic traits in BW study was transformed into KASP arrays, which tested for the scoring of local DW accessions.
The DW panel consisted of 29 spring type cultivars and promising lines from Kazakhstan, Russian Federation, and Ukraine. The panel included 11 commercial cultivars that were officially registered through the State Seed Trials Commission of the Republic of Kazakhstan. The seeds were obtained from the Karabalyk Agricultural Experimental Stations (Kostanai region, Northern Kazakhstan) and Aktobe breeding station (Aktobe region, Western Kazakhstan).
The field trials were conducted at the Kazakh Research Institute of Agriculture and Plant Industry (KRIAPI, Almaty region, Kazakhstan, 43°13'09" N, 76°41'17" E, altitude 740 m above sea level) in the growing season of 2018. The experimental design was a randomised complete block design with two replications under rainfed conditions. Experimental plots were 1 m × 3 m with 20 rows spaced 0.2 m apart and with 5 cm between plants. The soil at the location is light chestnut (humus 2.0-2.5%). The meteorological conditions of 2018 growing season are presented in Table 1 . The cultivar Nauryz 2 was used as a check cultivar in the Almaty region. Phenological observations were carried out by the Zadoks scale (Zadoks, 1974) . The analysis of yield components was carried out according to Dospekhov (Dospekhov, 1985) . The following traits were recorded: plant height (PH), peduncle length (PL), spike length (SL), number of fertile spikes per plant (NFS), number of kernels per spike (NKS), thousand kernels weight (TKW), and yield per plant (YPP).
DNA of 29 durum wheat cultivars was extracted from four day-seedlings according to the method of Dellaporta (Dellaporta et al., 1973) . In addition to DW accessions, two DNA samples of BW cultivars of Kazakhstan were used as controls for each KASP-PCR. KASP markers were developed by using 32 identified SNPs for hexaploid wheat traits. Those SNP markers were previously revealed to be associated with flowering time (FT), seed maturation time (SMT), PL, TKW, NKS, NFS, and YPP, based on GWAS of the BW collection tested in Kazakhstan (Turuspekov et al., 2017) . DNA sequences of identified SNP markers were used for the development of KASP assays by LGC Genomics Company (LGC Genomics, Beverly, MA, USA; Semagn et al., 2013) . Sequences of allele-specific and common primers are listed in The Pearson correlation index suggested that YPP was negatively correlated with FT (p < 0.03), and positively with PH and TKW with low significance (p < 0.05), and PL, NFS, and NKS with high significance (p < 0.0001). Simultaneously, 32 SNP markers associated with agronomic traits in BW (Turuspekov et al., 2017) were initially converted to KASP assays and tested for 29 DW accessions. It was found that 14 out of 32 KASP assays were polymorphic for DW accessions. In general, 14 KASP assays could be separated into two groups according to the type of traits: i) plant development traits, and ii) yield-related components. The first group consisted of 11 assays that linked to QTL of FT and SMT in BW. The t-test suggested that five of these 11 assays were significantly associated with FT and SMT in DW. Particularly, it was shown that the polymorphism in KASP assays for GENE-2352_964 and BS00037002_51 were associated with FT. As it was mentioned above, FT plays an enormous role in plant adaptation and influences many agronomic traits. KASP assays for BS00066460_51, BS00067150_51, BS00022689_51 were associated not only with FT or SMT but also with yield components (NKS, TKW), indicating the pleiotropic effect of putative genetic factors. The remaining six KASP assays were not significantly related to studied traits in DW (Table  2 , Fig. 1 ). The second group of DNA markers for yieldrelated components (NFS, NKS, TKW, YPP) consisted of three KASP polymorphic assays (Fig. 2) . The t-test suggested that these three assays were significantly associated with yield components in studied DW accessions. Particularly, it was shown that KASP assay for wsnp_Ex_c24700_33953160 was associated with NKS, and assays for BS00022431_51 and Kukri_c54_306 with TKW, respectively.
Recently, Sukumaran with coauthors assessed a CIMMYT durum wheat panel grown under three different conditions (yield potential, drought and heat stresses) using DArTseq markers, and QTL hot-spots were found in durum wheat suggesting common marker-trait associations for stress indices and specific genomic locations for adaptation (Sukumaran et al., 2018) . Interestingly, the chromosomal positions of three marker-trait associations (MTA) in this study were in the vicinity of the MTA identified in Sukumaran et al., 2018 under drought stress condition. Particularly, SNPs for FT (5A, 52.5 cM), NKS (1A, 78.6%), and TKW (4B, 50.1 cM) were in nearly the same positions for corresponding traits examined in Sukumaran et al., 2018 , which partially verifies the robustness of the approach undertaken in this work.
Overall, the study confirms the high possibility in the exploitation of bread wheat DNA markers in durum wheat accessions, the robustness of GWAS in identification of important marker-trait associations in cereals, and the efficiency of KASP markers in the evaluation of genetic resources for important agronomic traits in DW and their high potential in marker-assisted selection of small cereals. 
